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Energetic  Materials:  MNB  &  DNB 


DNB  detonates  strongly  without  oxidizer 
in  the  steel  sleeve  test  after  4  seconds 


t  =  4.0  s  t  =  4.1  s 


•  MNB  &  DNB:  tetrazole-free,  nitrogen-rich  molecules 

•  High  energy  density:  1 .859  g/cm3  (DNB) 

•  Thermal  decomposition  mechanism  of  MNB  and  DNB 
was  proposed  by  Klapotke  et  al.  ( Combust .  Flame 
2004)  as  below: 


•  The  decomposition  is  initiated  by  elimination  of 

HNN02H  intermediate,  which  was  confirmed  by  direct 
dynamics  trajectory  simulations  as  the  only  dominant 
channel  below  1500  K  (Liu,  Chambreau,  Vaghjiani, 

J.  Phys.  Chem.  4  2011) 


(Klapotke  et  al.,  Propellants,  Explosives,  Pyrotechnics,  2004) 
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i  New  Ignition  Mechanism  of  MNB  &  DNB 


•  The  thermal  decomposition  of  MNB  and  DNB  occurs  through  a  multistep 
reaction  process 


1 .  Initiated  by  an  intramolecular  H-atom 
transfer  from  the  central  NH  group  to 
an  adjacent  nitro  oxygen  of  N02  group 
to  form  the  HNN02H  intermediate 


+  ? 


J+m*J  / 

•  • 


(Liu,  Chambreau,  Vaghjiani 
J.  Phys.  Chem.  A  2011) 


1.  The  HNN02H  rapidly  dissociates  to  OH,  H,  cis-HNNO,  trans-HNNO,  NO,  N02, 
NH2,  N20,  and  H20 

2.  The  H-abstraction  from  unburned  MNB  and  DNB  by  active  radicals  such  as  OH 
produces  corresponding  MNB  and  DNB  radicals 

3.  MNB  and  DNB  radicals  subsequently  decompose  to  low-molecular  weight 
intermediates 

4.  Decomposition/oxidation  of  the  intermediates  form  final  stable  products 
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•  «. 


HNN02H  Decomposition  Paths 


V 


nh2  +  no2 


c=> 


H  +  NNO 
OH  +  N2 


DISTRIBUTION  A:  Approved  for  public  release,  distribution  unlimited 


4 


Rotation  of  N-N  bond  in  HNN02H 


HNN02H  isomer-l  TS2  HNN02H  implex 

Optimized  at  the  B3LYP/6-31 1++G(d,p)  level 


HNN02H  isomer- 1  (Cs) 


TS2 


TS3  (Cs  symmetry) 


Optimized  at  the  CASPT2(12e,9o)/aug-cc-pVDZ  level 
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PES  of  HNN02H  Decomposition 


39,09 


HNN02H-1 


HNN02H-2  HNN02H-3 

-0,04 


-0.61 


Unit:  kca l/mol 

CASPT2/aug-cc-pVDZ 

RC  C  SD  (T)/C  B  S//C  AS  FT2/a  ug-cc-pV  DZ 
R0CSD(T)/CBS^CASPT2^aug-cc-pVTZ 
RCCS  D{T  )/C  BS//CC  S  D(T)/ cc-pC  VTZ 
CCSD(T)-F1 2/aug-cc-pVTZ 


Y 


nh2mo2 


r 


-50,42 

N=N=0  +  H20 


nh2+no2 
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HNN02H  -►  TS8  ->  H2NN02 


HNN02H 

Optimized  at  the  CASPT2(12e,9o)/aug-cc-pVDZ  level 


TS3 

Active  space  was  selected  to  describe 
the  bond  breaking/making  process 
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High-Accuracy  Potential  Energy  Surface 


Comparison  of  Calculated  Energy  Difference  with  Literature  Data 


E(cis-HNNO)  -  E(trans-HNNO)  6.51  this  work 

K.  A.  Peterson  &  J.  S.  Francisco,  J.  Chem.  Phys.  (2011),  calculated  at  the 
6.41  R/UCCSD(T)/CBS  +  ARel  +  ACV  +  AT  +  AQ  level  of  theory 

E(OH)  +  E(trans-HNNO)  -  E(N20)  -  E(H20)  97.34  this  work 

97.58  determined  from  AfH°  listed  on  NIST  Gas  phase  thermochemistry  database 

E(NH2)  +  E(N02)  -  E(N20)  -  E(H20)  91.47  this  work 

91.60  determined  from  AJ-T  listed  on  NIST  Gas  phase  thermochemistry  database 


>  Theoretical  values  were 
determined  at  OK  with 
zero-point  energy 
corrections 

>  They  are  in  excellent 
agreement  with  recent  data 
of  Peterson  &  Francisco 

>  They  are  in  excellent 
agreement  with  those 
determined  from 
experimental  enthalpy  of 
formation  data 
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HNN02H  -►  OH  +  cis-HNNO 


41  Computed  at  the  CASPT2/aug-cc-pVDZ  level,  state-averaged  active  space  (4e,3o)  consisting 
of  two  degenerated  p  orbitals  of  the  OH  and  the  p  orbitals  of  N  atoms 
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k  (cm3  molecule'1 


OH  +  cis-HNNO  ->  HNN02H 


Reactions  with  submerged  energy  barriers,  high-pressure  limit  k w  was  determined  by  two  transition 
state  theory  at  E,  J  resolved  level 

*4  The  low-lying  state  2n3/2  and  2n1/2  of  the  OH  radical  was  included  in  the  electronic  partition  function 


Inner  TS 

-  Covalent  bond  formation 

-  Energy  barriers:  QCISD(T)/CBS 

Outer  TS 

-  Phase  space  theory 

-  Long  range  isotropic  potential 
(Georgievskii  &  Klippenstein, 

J.  Chem.  Phys.  2005) 

Effective  TS 


ill 


N* 

inner 


outer 


(r)  =  — f 

hQj 


Nlff(E,J)e-E/k»TdEdJ 
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k  (cm3  molecule'1 


Decomposition  to  bimolecular  Products 


4  Pressure  dependent  rate  coefficients  were  determined  by  Rice-Ramsperger-Kassel-Marcus 
(RRKM)  theory  with  Multi-Well  Master  Equation  simulations  at  E,  J  resolved  level 

41  Exponential  down  energy  transfer  model:  ^\Edown=  200x(T/300)085cnrr1 
4  Lennard-Jones  parameters:  a  =  4.45  A  and  z  =  379.3  cm-1 
4  Tunneling  correction  with  asymmetric  Eckart  potentials 
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Unimolecular  Decomposition  of  HNN02H 


4  Pressure  dependent  k( E,J)  was  determined  by  Rice-Ramsperger-Kassel-Marcus  (RRKM) 
theory  with  Multi-Well  Master  Equation  simulations 
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HNN02H-1  =>  Oh 


• 

HNN02H-1  =>  OH  +  frans-HNNa 

V 

HNN02H-3  =>  N20  +  HX 

A 

HNN02H-3  =>  OH  +  trans-H 

mjo 

■ 

nh2no2=>  nh2  +  no2 

• 

HNN02H-1  =>  HNNOzH-3 

V 
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AE  (kJ/mol) 


Decomposition  of  HNNO  Radical 


Laursen  et  a!.,  J.  Phys.  Chem.  A  2000,  104,  3681-3692 
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H-Abstraction  from  MNB  by  OH 


H-abstraction  Pathways: 


OH 


OH 


MNB 


OH 


B3LYP/6-311++G(d,p) 


•  • 


TS1 


•••  y 

•  A 

TS2 

••• 

•  9, 

V 

TS3 


#* 


®  i® 

MNB  radical-1 

» 

MNB  radical-2 


4# 


MNB  radical-3 


+  h2o 


+  h2o 
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ft 


H-Abstraction  from  DNB  by  OH 


H-abstraction  Pathways: 


TS1 


TS2 


twisted  DNB 


TS4 


B3LYP/6-31 1  ++G(d,p) 


+  h2o 


DNB  radical-1 


DISTRIBUTION  A:  Approved  for  public  release,  distribution  unlimited 


15 


Concluding  Remarks 


4-  New  ignition  chemistry  mechanism  for  MNB  and  DNB  has  been  proposed/verified 

4-  The  PES  for  thermal  decomposition  of  HNN02H  intermediate  was  characterized 
by  high-accuracy  ab  initio  CASPT2  and  CCSD(T)  theories 

4-  N20,  H20,  OH  and  trans-HNNO  radicals  are  predicted  to  be  major  species  from 
HNN02H  decomposition 

4-  Temperature  and  pressure-dependent  rate  coefficients  for  HNN02H 

decomposition  were  determined  by  two-transition  state  theory,  RRKM  theory  and 
Multi-Well  Master  equation  analysis  at  E,J  resolved  level 

4-  Transition  states  for  H-abstraction  from  MNB  and  DNB  by  OH  radical  were  located 
with  approximate  energy  barriers  of  10  kcal/mol.  H-abstraction  reactions  by  active 
radicals  generated  from  HNN02H  decomposition  can  further  induce  ignition  of 
MNB  and  DNB 
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